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An introduction to the problems involved in
conversion of computer dialogues from one computer language to
another is presented. Conversion of individual dialogues by complete
rewriting is straightforward, if tedious. To make a general
conversion of a large group of heterogeneous dialogue material from
one language to another at one step is more ambitious. Three possible
approaches are seen. Original programs might be fed to some kind of
interpretive processor. Or source programs might be read by a
background program in some language, then converted to binaries and
load modules for the new language. Finally, an entire editing program
could be written to convert autonomously, but this task might in the
end be too difficult or too constricting to further change. (RB)
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During the past few months we have talked with many people about the

possibility of converting the dialogs developed by the Physics

Computer Development Project to other machines. Our dialogs were

written for the .XDS Sigma 7, operating under BTM and UTS, so will

ear. run directly on any other computer.

Since we find oureelves saying the same things to different people,

we thought it weuld be best to put some of this material in writing;

to serve as an introduction to the.problems involved in attempting

the conversion to a different facility. The teaching programs

themeelves, and our softwere, are described in the PCDP progress

recort and other literature, available upon request.

In-lividual Die:Log Conversion

2: number of oer dialogs have been converted to other systems on an

individual basis, by simply working from our existing flowcharts

and/or pregrems, in rewriting the material in some other appropriate

language. The dialog that has bean most heavily worked this way

is the conservation of enerey dialog, CONSERVE, which now exists

in abeut six-versions.

Not very much in general can be said about such single-dialoi con-

version, because the process depends on the lanauage in which the

new program is to be written. That languege must certainly have

pewerful and efficient string matching facilities, the ability to

piek a string cut of a larger string. It should also be capable

Of a3tering stringsremoving blanks, replacing characters, etc.'

The flowcharts that are available for some dialogs; and that hope-

fully will be available Eer others later, giee some clue as to how'
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to go about doing this. Our own programs are also very eseful for

such conversion effoe.ts because the macroe we use do not include

any abbreeiations; they arc readable with only 3 minimm ;Imounl; of

practice on the part of others not initially familiar with ocr

procedure.

It should be noted that the main aifficulty in such sonversione is

likely to come with formula matching. Nere the techniques which

can be used tend to be language dependent. A program that deper:ds

heavily on being able to recognize the bewildering Jariety in which

a formula comes in, as with many of our cialogs, succeeds. or fails

depending on how sophisticated the program is in this regard. :t

should be noted that formulae in our dialogs, as well as in physics

generally, include more than algebraic expressions. Provision

must be made for dealing with derivatives, multi-variable names,

subscripted quantities, etc. Formula mzztching techniques which

consider only algebraic entities, such as numerical substitution,

are likely to be inadequate in =any places, altheugh they will work

for certain dialogs.

General Conversicn

Conversion of individual dialogs is straightforward, although

tedious. Many cf the people we have talked to, however, are inter-

ested in a more ambitious attempt to convert a large group of our

dialog material at one blow, perhaps even most of it. So most of

the present discussion will be oriented toward such full or almost

full conversion.

Although this material is contained elsewhere in our literature, we

begin by reviewing the structure of our own programs as they rua on

the XDS Sigma 7. The source programs are collections of macro calls

(Procedures in METASYMSOL, the XDS assembly language),. using over

100 macros that .m have daveloped for tne purposes of computer based

instruction. One possible inacro is a call to a FORTRAN subroutine,

so pieces of the final running program may have originated in T3RTR4a,

particularly if calculational needLI of some compleity are involved.
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Cecasicnally a program may also have a few direct assembly language

instructions, but this is in general rare and usually represents

a transitional stage before a new macro has been written to take

care of whatever task is being covered.

A final pregram will be compcsed of a large number of source programs

of (primarily) macro calls, perhaps as many as ten or fifteen. Each

cf these goes through the macro assembler (METASYMBOL) and leads

to a binary. Then these binaries are out together by the loader

to form a load module. Most of the programs are far too large to

fit into the user area of core (many are more than 100K in length),

so the lodd nodules are usually elaborate overlay structures; some

of the macros are designed to support overlay facilities. Thus

tlie program the student calls is a load module. He is not aware

that pieces are called in from the disk as he needs thera

Perhaps I should stress the reason for the macro approach, since

that is not always clear to those unfamiliar with PCDP. We are

not primarily interested in producing software. Every piece of

software that we have developed has been in response to some teaching.

need. We never abstractly decide what facilities we want, but we

develop teaching materials and then increase the facilities when

eee eeedu show up in such development. The macro procedure was

adapted as being the one in which we could be most responsive to

such pee.agogical needs. We can easily add macros and expand the

capability of older ones, sO the software can respond to teaching

demands.

Thre?. Poseble Approaches

least three possibilities appear for large-scale conversien of

the dialol material. First, it might be possible that our source

serogreme woeld serve, perhaps with slight modifications, as input

to an tnterpretive processor. Second, our.source programs might

be read by a backgroune,(or on-line) program in some language, say

FORTnAN, PL/1, or BASIC and then converted into binaries and load

nodules for the particular system at hand. Third, it might be

possiblc to ie
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Third, it might be

possible to implement the.entire macro structure-in a macro facility

of another computer.

This third possibility would probably also involve tne construction

of an editing program to accept our source programs, and modify

them slightly, since every macro assembler has different conven-

tions as to acceptable form. It would be possible to do such

syntactical conversior by hand, but it w..alid be more elegant and

more practical to have the computer do this itself. The datails of

this editor would be dependent.on the particular machine.: used, and

how its vacro assembly language-differed from that of the.Sigma 7.

In comparing these three.possibilities it is clear that the second

and the third would produce more efficient running code,.since

in each case the program the students use would be a load.module

and so would not have the overhead of an interpretive procedure.

Because of the differences of monitors, it is likely that some

compromises will have to be made in the conversion process. Al-

though most computers are siMilar in their architectural details,

with the exception of a few machines, .they differ in the range of

services offered by thc monitor. We have tried to use in our case

everything that was.useful in our.teaching situations, and this

has sometimes led us to do things waich might not be possible to

do in other systems. Likewise other systems might have features

that lead to possibilities that we could not consider.

It would probably be worthwhile in the conversion process to have

people intimately acquainted with both assembly languages and time-

sharing monitors, in order to resolve questions of this kind.

We.feel that at this stage of the game an interpretive-system, or

compiler for our own language, is perhaps unwarranted and teo

straightjacketed a situation. We want.to maintain maximum flexi-

bility. We alio want to be able to do anything that is doable

within the system, so that we do rot preclude any particular ways
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computers can be used i. the teaching environment. It may be

obvious to you from the literature you have already seen from the

proiect, but I thought it was worth stressing here. As our system

evolves with usace, yours will too, hopefully.

Purthermcre an interpretive approach is wasteful of computer time,

by at least a factor of four, if the program is to be used with large

num:pers of students. So we do not recommend that approach, al-

though it may be desirable in some situations.

Files

Improvement of computer-based educational materials is heavily

depandent on selectively saving information on files for later

examination by the author of the program. Experience in our

project indicates that dialogs, when they are initially written,

are almost always.poor. It is-only after a long period of use,

and much student feedback, that we can improve them so that they

function in the way we would like them to.

In our syszm the choice of.what is saved is up to the author, with

the use of ShVE or SAVE/D commands. These can occur anywhere within

the program. In each case we save identification telling where it

is within the program (specified by the author), the time and date,

the Student's identification (if SAVEID is used), and the last in-

put, including whate-er processing on that input has taken place

since it came in. The method of storage of this material should

take into account that it will later be necessary to sort it on

any of the interesting variables, and to print out various s-xted

lists.

Since thiS material is essential for the develooment of the dialog,

creat care must be taken so that as little as possible is lost.

In our case if we attempt to write on a file currently open to an-

other user, we wait a neriod of time and then proceed (for a finite

number of times) to attempt to write again. Within the program we

must examine the error code returned when a file error occurs; if
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that erroz indicates a file current in use, we b-ehave as indicated.

It may happen, boo, that for one reason cr another the file has been

destroyed. Here we go to particular pains to let this be known

immediately so that we lose as little information as we possibly

can. If a response file does not exist when a student tries to

write on it, we first try to recreate it. If this fails (usually

because we are not in the same account in which the file is to exist),

we send a message to the console instructing the computer operator

to run a program which will recreate the file, a program which

we supply. If this program itself bombs, it asks the computer

operator to call someone connected with the project,.so that we

can take whatever action is possible. Thus we take more than usual

precaution to be certain that we lose as little data as .pwossible,

since this data is critical for rewriting the programs.

Other kinds of file activities also occur, and are treated simi-

larly. Restarting a student within a program he did not complete

is based on a file that stores for each student his sign on number,

a core address, the overlay segment currently in use, and the value

of all the counters, the things which.determine looping within

the program. Thus we are able to start a student in the same situ-

ation which he left, provided all.continuing information is storsd

in.counters. On the Sigma 7 we handle this file as a keyed file,

with the key having a part which identifies the program and a part

which identifies the student. It is, incidentally, necessary to

query a student as to whether he was the one who put in the par-

ticular ID before, because experience.indicates that with large

classes such IDs as °BILL" will be'commont

One record keeping activity is connected with both of these, and

concerns the presence of errors in the system, both within the

programs themselves and in tile operations. As indicated when a

file error occurs, we make a careful check on the type cf error,

by inspecting the error code, and we take as many as a half dozen

differen'e actions depending on this code. Programming errors are

also common when the programs are first released, because they
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are complex programming and no amount of initial running will

reveal all the errors which may be prenent. As with any complex

programming errors may be still present after hundreds of uses

and several revisions.

Our nhilozoohy for error messages is that we shield the student

almost entirely from such messeges. We keep error messages on

internal files but we do not tell these to the student. In many

cases a stueent is unaware that any error has occurred because

he will simply keep going in the program. If the error is un-

recoverable, we dump him out of the programiceeping the error

infornation ourself for dater use. We.believe that nothing turns

tte seedent off faster than a computerese error message that is

not understandable to him in the context in which he has just bean

working. Since we work at the assembly language level, we can

seize control of ill error conditions, by means of our own trap

instructions and by using the file error procedures provided by

the monitor.

aocumentaticn

One other point that should be kept in mind is that documentation

is essential for a full system, and should be considered part of

the conversion process. This includes the manuals we now have on

hand, including the supplementary sections. To get large numbers

of peor.it to work on teaching materials you must describe the faci-

lities at a variety of different levels. Some cf our present

documentation might go with other implementations, but any imple-

mentation is system-dependent and this must be reflected in new

and adecuately written documentation. In our case we haore eMployed

an outside consultant, Chuck Mossman, with special skills in writing

to improve documentation, because we believe that such materials

are very important.


